Introduction
============

According to the American Heart Association, approximately 15.4 million people ≥20 years of age in the United States (\~6.4% of overall prevalence of coronary heart disease \[CHD\]; 7.9% men and 5.1% women) in the year 2010 had ischemic heart disease (IHD).[@b1-dddt-9-4793] In 2009, the overall CHD death rate was 116.1 per 100,000 people.[@b1-dddt-9-4793] The death rates were 155.9 per 100, 000 for white males and 181.1 per 100,000 for black males; for white females, the rate was 84.9 per 100,000, and for black females, it was 110.3 per 100,000.[@b1-dddt-9-4793] The Framingham study[@b2-dddt-9-4793] demonstrated that the incidence of coronary events increases significantly with age. For instance, the overall incidence of CHD in subjects between ages 65 and 95 years increases twofold in men and threefold in women compared with that in individuals 35 to 64 years of age. Moreover, the incidence rates indicate a significant variation by sex, where men typically exhibit an earlier onset (\~10 years) of symptomatic CHD than women. CHD in women younger than 75 years of age presents more frequently as angina than as myocardial infarction (MI), and not infrequently, women will present with atypical anginal symptoms such as dyspnea, nausea, or excessive fatigue.[@b3-dddt-9-4793],[@b4-dddt-9-4793] Notably, angina tends to be isolated in 80% of these patients; however, in 66% of men, angina appears after an MI. Overall, MI is prevalent among men in all age groups, and only 20% of cases are preceded by angina.[@b4-dddt-9-4793] In terms of mortality, there were 7,249,000 IHD-related deaths reported worldwide in 2008, accounting for 12.7% of all global deaths.[@b5-dddt-9-4793]

Based on guidelines,[@b6-dddt-9-4793],[@b7-dddt-9-4793] health care providers use short-acting nitroglycerin for relief of acute angina only. However, its prophylactic use as part of a comprehensive management approach toward optimal medical therapy (OMT) and lifestyle modification is under-appreciated. Despite current treatment efforts, mortality due to IHD continues to increase worldwide because of the combined effects of population growth, aging, and emergence of an increase in comorbidities such as hypertension, dyslipidemia, diabetes mellitus, and obesity. The total mortality burden remains high, as the effect of age on IHD mortality is very strong in high-income countries with a large aging population. Furthermore, larger populations and high age-specific death rates for IHD in low- and middle-income countries, as well as in emerging societies, contribute toward a majority of global IHD-related deaths and an anticipated global IHD epidemic in the near future.[@b5-dddt-9-4793]

Nitroglycerin
-------------

Nitroglycerin was first formulated as a short-acting nitrate preparation for clinical use in 1879, and is the oldest and most commonly prescribed short-acting anti-anginal agent.[@b8-dddt-9-4793],[@b9-dddt-9-4793] Nitrates are now available in many delivery forms, from long-acting oral preparations, to cutaneous ointments, long-acting transdermal patches, and intravenous formulations. This review will focus solely on short-acting, sublingual nitrates, which are the most under-appreciated and possibly underutilized nitrates.

Despite being in clinical use since 1879, there remains an important need to educate both patients and health care providers on the various benefits of short-acting nitrates, particularly sublingual nitroglycerin, administered as sublingual tablets or spray[@b10-dddt-9-4793] in patients with angina. In the majority of patients with stable ischemic heart disease (SIHD), long-acting nitrates are used as part of OMT to reduce the risk of cardiovascular morbidity (notably angina and myocardial ischemia) and thus, to enhance the quality of life by reducing symptoms[@b8-dddt-9-4793] and improving exercise capacity.[@b11-dddt-9-4793]--[@b13-dddt-9-4793] Under-appreciated is the fact that nitrates play an important role in the prophylactic treatment of angina caused by short-term physical or emotional stress. Therefore, nitrates can be integrated into a comprehensive management approach toward OMT and lifestyle modification as a prophylactic measure and should be included as part of an overall treatment plan when advising patients on undertaking exercise or strenuous physical activity.[@b8-dddt-9-4793] Similarly, prophylactic nitroglycerin should be used as part of an overall structured cardiac rehabilitation program for secondary prevention in patients with SIHD.

Mechanism of action of nitroglycerin
====================================

Effect on endothelial function
------------------------------

Endothelium is the innermost lining of the blood vessels; therefore, it is sensitive to circulatory mediators that contract and relax the blood vessels. Furthermore, a healthy endothelium is also able to produce mediators to promote endothelial function and maintain the tone of the blood vessels. Endothelial dysfunction decreases the production (or enhances inactivation) of the endothelium-derived relaxing factor (EDRF), which is identified as nitric oxide (NO). Organic nitrates such as nitroglycerin are converted to NO and have the ability to replenish deficient levels of EDRF and NO in patients with coronary artery disease (CAD).[@b14-dddt-9-4793] Improvement of endothelial function leads to CHD risk reduction,[@b14-dddt-9-4793] as NO released from endothelial cells activates soluble guanylate cyclase, thereby increasing the level of intracellular cyclic guanosine monophosphate (cGMP) and thus causing vasorelaxation, platelet disaggregation, and prevention of platelet adhesion ([Figure 1](#f1-dddt-9-4793){ref-type="fig"}). In addition, this protective pathway of NO-mediated endothelial effects reduces the effects of vasoconstrictor substances. Therefore, in patients with CAD, exogenous nitrate administration substitutes the effects of the impaired activity of the endothelial l-arginine/NO pathway.[@b15-dddt-9-4793]

Furthermore, it is notable that exogenous and endogenous nitrates differ in several aspects. Endothelium-derived NO is produced locally (autocrine release) and is not a circulating hormone. By contrast, therapeutic nitrates (administered orally or systemically) primarily act in a systemic manner and do not necessarily induce the same physiologic effects. Although the endothelium is predominantly morphologically intact in atherosclerotic blood vessels (except in advanced disease stages and at sites of plaque rupture), the endothelium-dependent relaxation is reduced in atherosclerotic human coronary arteries in response to acetylcholine, histamine, substance P, and aggregating platelets. The decrease in endothelium-dependent relaxation in atherosclerosis is primarily related to a decrease in endothelium-derived NO. Although the sensitivity to nitroglycerin can be reduced particularly in more advanced lesions, its maximal response is well maintained overall, suggesting that a decreased endothelial-dependent relaxation is related to a decreased release of endothelial NO. Furthermore, the mechanism with which nitrates such as nitroglycerin release NO is prone to tachyphylaxis. In contrast, l-arginine-derived endogenous nitrates do not develop tolerance.[@b15-dddt-9-4793] Exogenous nitrates are endothelium-independent vasodilators in that they are not dependent on intact functioning endothelial layer for their conversion to NO and vasodilator properties.[@b16-dddt-9-4793] In fact, the action of exogenous nitrates is particularly augmented in blood vessels with a low basal production of NO, such as atherosclerotic coronary arteries; therefore, nitrates play an important role in such patients.[@b15-dddt-9-4793]

Effects of nitrates on coronary and peripheral circulation
----------------------------------------------------------

Nitroglycerin alleviates anginal symptoms by decreasing myocardial oxygen consumption as a function of: 1) reducing preload, systolic wall stress, and afterload; 2) restoring flow imbalances; dilating coronary arteries (pre-stenotic, stenotic, and post-stenotic segments); 3) increasing subendocardial myocardial perfusion by lowering left ventricular diastolic pressure; 4) preventing coronary artery vasospasm; and 5) acting as a physiologic substitute for EDRF in endothelial dysfunction.[@b14-dddt-9-4793],[@b17-dddt-9-4793] Due to the potent venodilatory effects on capacitance vessels, nitrates reduce left ventricular filling pressures and preload, which may be a very useful therapeutic adjunct clinically, in patients with heart failure.[@b17-dddt-9-4793]

Effect on collateral blood flow
-------------------------------

Nitrates produce vasodilation, with predominant venous effects on large capacitance vessels. They also increase coronary collateral circulation, increase aortic compliance and conductance, and blood flow to ischemic areas of the myocardium.[@b18-dddt-9-4793]--[@b20-dddt-9-4793] Fam and McGregor observed that the heterogeneity of coronary flow was dependent on different sites of action of various coronary artery vasodilators.[@b21-dddt-9-4793],[@b22-dddt-9-4793] Their work demonstrated that nitroglycerin, when administered intravenously, selectively relaxes the epicardial conductance vessels, thus facilitating flow through collateral arteries to zones of myocardial ischemia.[@b21-dddt-9-4793],[@b22-dddt-9-4793] This led to the notion that nitroglycerin may exert part of its anti-anginal effect by preferentially directing blood flow to the ischemic myocardium. Follow-up studies have evaluated this hypothesis by using washout rates of intra-myocardial Xenon-133 (^133^Xe) in anesthetized open-chest hearts,[@b23-dddt-9-4793] computer-assisted measurements of luminal stenosis,[@b24-dddt-9-4793],[@b25-dddt-9-4793] and positron emission tomography with (^13^N) ammonia as a flow tracer.[@b18-dddt-9-4793] Sublingual nitroglycerin can enhance perfusion in areas of the human myocardium supplied by coronary arteries with significant luminal stenosis, particularly the collateral vessels. Using the ^133^Xe washout technique in 31 patients in a stress-free resting state, Cohn et al demonstrated an improvement in regional myocardial blood flow (MBF) after sublingual nitroglycerin, most likely mediated through physiologically normally functioning collateral vasculature.[@b26-dddt-9-4793]

Effect on platelets
-------------------

Organic nitrates are metabolized to NO (or its S-nitrosothiol congener), which is a potent activator of platelet guanylate cyclase. Activation of guanylate cyclase increases levels of platelet cGMP and leads to decreased fibrinogen binding to the glycoprotein IIb/IIIa receptor. As fibrinogen binding is critically essential for platelet aggregation, its inhibition leads to impairment of platelet function.[@b27-dddt-9-4793] Further, Diodati et al evaluated the effect of a nitroglycerin infusion on platelet aggregation response to adenosine diphosphate and to thrombin in patients with unstable angina and acute MI.[@b28-dddt-9-4793] Platelet response before, during, and after a 45-minute infusion of nitroglycerin showed \>50% inhibition of platelet aggregation, which returned to normal 15 minutes after nitroglycerin discontinuation.[@b28-dddt-9-4793] As platelet aggregation is a causal factor in acute coronary syndromes, inhibition of platelets by nitrates may suggest an additional potential mechanism to improve perfusion to ischemic myocardium.[@b27-dddt-9-4793]

Effect on flow-mediated dilation
--------------------------------

Furthermore, the effect of nitroglycerin on pulmonary artery diastolic pressure (PAPd), and peripheral arterial (a/b ratio of the finger pulse wave plethysmography) hemodynamics is such that the mean time courses of a decrease in PAPd and an increase in the a/b ratio of the finger pulse curve are mirror images. Thus, there is a strong correlation between the two after nitroglycerin administration. Therefore, the onset of effect and time to peak effect on PAPd can easily be predicted by finger plethysmography.[@b29-dddt-9-4793]--[@b31-dddt-9-4793]

Tadamura et al compared the effects of nitroglycerin spray on MBF and coronary vascular resistance (CVR) in 23 patients with CAD and eleven healthy volunteers. Nitroglycerin spray did not change the global MBF in either group, but did preferentially reduce CVR in the viable myocardium with ischemia. After nitroglycerin spray, the tracer uptake in the ischemic myocardium was relatively increased compared with that in the nonviable and non-ischemic myocardium.[@b32-dddt-9-4793]

Overall, exogenous nitrates including nitroglycerin are endothelium-independent vasodilators, and their conversion to NO is particularly augmented in atherosclerotic coronary arteries with low basal production of NO.[@b15-dddt-9-4793],[@b16-dddt-9-4793] In addition, nitrates alleviate anginal symptoms by directly influencing the coronary arteries, coronary collateral circulation, aortic compliance and conductance, and blood flow to ischemic areas of the myocardium.[@b18-dddt-9-4793]--[@b20-dddt-9-4793] They also help reduce preload in patients with heart failure.[@b17-dddt-9-4793]

Short-acting nitroglycerin in angina
====================================

Sublingual nitroglycerin should be considered as first-line therapy for the treatment of angina in patients with suspected unstable angina or IHD who are either being observed for rule-out MI management protocols, have been discharged from a hospital emergency department, or have been hospitalized with angina pectoris, with or without acute MI. Moreover, short-acting nitroglycerin can be used to supplement long-acting nitrates, as part of OMT, to prevent recurrent angina attacks. Atherosclerotic lesions in one or more coronary arteries limit segmental coronary blood flow during exercise or emotional stress. The corresponding increase in myocardial oxygen demand cannot be met by segmental coronary blood flow, and may lead to myocardial ischemia and angina pectoris.[@b33-dddt-9-4793] When administered prophylactically, nitroglycerin increases angina-free walking time on treadmill tests, abolishes or delays ST segment depression, and increases exercise tolerance.[@b11-dddt-9-4793],[@b34-dddt-9-4793] Prophylactic use of nitroglycerin spray has been shown to increase exercise performance in IHD patients by improving self-confidence and self-assurance by alleviating fear of another angina attack during physical activity.[@b12-dddt-9-4793]

In the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial, 60%--65% of patients received combinations of short- and long-acting nitrates.[@b35-dddt-9-4793],[@b36-dddt-9-4793] The COURAGE trial evaluated 2,287 patients with documented myocardial ischemia and angiographically confirmed single or multivessel CAD. Along with lifestyle modifications, these patients were randomized to a strategy of percutaneous coronary intervention (PCI) plus OMT, or OMT alone.[@b37-dddt-9-4793] The COURAGE trial found no incremental clinical benefit from an initial strategy of PCI plus OMT in reducing the composite primary outcome of death, or MI over OMT alone, during a median follow-up period of 4.6 years.[@b36-dddt-9-4793] Moreover, the addition of short-acting sublingual nitrates can complement other anti-anginal medications in patients with refractory and recurrent angina, including those who have already undergone either a percutaneous or a surgical revascularization procedure.[@b13-dddt-9-4793] A comparison of short- and long-acting nitrates is presented in [Table 1](#t1-dddt-9-4793){ref-type="table"}.

Current guidelines for treatment of angina
==========================================

The European Society of Cardiology[@b6-dddt-9-4793] and American College of Cardiology/American Heart Association guidelines routinely recommend short acting nitrates for use in the management of SIHD[@b7-dddt-9-4793], unstable angina (UA) or non-ST elevation MI (NSTEMI).[@b38-dddt-9-4793] Among short-acting nitrates, sublingual nitroglycerin tablets are the standard initial therapy for effort-induced angina in the US, while sublingual nitroglycerin spray is favored in most European countries as the preferred short-acting formulation. Nitroglycerin can be used prophylactically when angina is anticipated, such as with activity after a meal, emotional stress, sexual activity (though this should not be used concomitantly in patients taking phosphodiesterase inhibitors \[see the "Safety, side effects, tolerability, and costs" section\]), appropriate pharmacotherapy (eg, acetylsalicylic acid, sublingual nitroglycerin, and/or β-blockers) while awaiting results of a stress test, and in colder weather[@b6-dddt-9-4793],[@b38-dddt-9-4793] which leads to vasoconstriction to mitigate heat loss.[@b39-dddt-9-4793] Since short-acting nitroglycerin is rapid acting, the spray or sublingual tablets can provide effective symptom relief in attacks of angina pectoris.[@b6-dddt-9-4793],[@b38-dddt-9-4793] In SIHD patients, sublingual nitroglycerin tablets or spray are recommended for immediate relief of angina (Class I, Level of Evidence, B).[@b6-dddt-9-4793],[@b7-dddt-9-4793] Most patients respond within 5 minutes of taking one to two sublingual dose(s) of 0.3--0.6 mg each. Nitroglycerin spray is available in a 0.4 mg metered dose canister that typically dispenses 200 doses. The tablets should be placed under the tongue and not swallowed. If the spray is used, it should be applied to the tongue and not swallowed or inhaled. If additional doses are necessary, they should be taken at 5-minute intervals for a maximum dose of ≤1.2 mg within 15 minutes. During this timeframe, if relief does not occur, the patient should seek immediate medical attention.

The combination of a β-blocker with a nitrate could be an additive combination in patients with SIHD. However, abrupt β-blocker withdrawal should be avoided, because heightened β-receptor density and sensitivity can result in a rebound phenomenon associated with an increased risk for acute MI and sudden cardiac death. If withdrawal is necessary, β-blockers should be tapered over a 1--3-week period, with consideration given to use of sublingual nitroglycerin or substitution with a non-dihydropyridine calcium channel blocker during withdrawal period.[@b7-dddt-9-4793]

Further details, including recommendations for nitroglycerin sublingual tablets or spray for patients with suspected UA, or UA/NSTEMI with ongoing ischemic discomfort, and all post-UA/NSTEMI patients, are provided in [Table S1](#SD1-dddt-9-4793){ref-type="supplementary-material"}.[@b38-dddt-9-4793] Differences in use of nitroglycerin across guidelines are presented in [Table 2](#t2-dddt-9-4793){ref-type="table"}.

Overview of sublingual nitroglycerin agents
===========================================

Formulation comparative analysis
--------------------------------

Optimal utilization and efficacy of nitrate therapy requires an understanding of the properties that vary with different formulations to be able to select the most appropriate formulation for each clinical scenario. These properties include time to onset of action, duration of activity, stability/potency, development of tolerance, convenience, adherence, cost, and patient preference.[@b8-dddt-9-4793] Nitroglycerin spray has been shown to be effective in patients with SIHD on OMT, and it may be beneficial for those with persistent angina after revascularization.[@b13-dddt-9-4793] Furthermore, in an 8-week comparative, non-blinded study, (410 patients, nitroglycerin spray; 387 patients, 500 μg nitroglycerin sublingual tablets) data were analyzed to compare the two treatments between older patients (≥65 years of age) and younger patients (\<65 years of age). This study was performed in a general internal medicine practice setting, was oral questionnaire-based, and did not define angina class, severity, or frequency. The results demonstrated that nitroglycerin lingual spray is a suitable alternative to sublingual tablets, irrespective of patient age. Also, the side effect of headache was less in the spray group, but more spray-treated patients reported taste disturbance.[@b40-dddt-9-4793]

Several other potential advantages surface when comparing the sublingual spray formulation to the tablets. By using high-resolution brachial artery ultrasound, Ducharme et al compared the brachial vasodilatory response to two nitroglycerin preparations in normal volunteers by measuring the rapidity of onset and the magnitude and duration of effects.[@b41-dddt-9-4793] The sublingual tablets induced significant brachial artery dilation, which peaked at 3 minutes, and was no longer significant at 10 minutes. The lingual spray had a faster onset of action, as significant vasodilation was observed at 2 minutes, peaked at 3 minutes, and was significantly sustained at 15 minutes.[@b41-dddt-9-4793]

A significant advantage is that nitroglycerin sublingual spray does not require adequate saliva production for full dissolution, as the sublingual tablets do.[@b41-dddt-9-4793] Tablet dissolution takes 15--90 seconds,[@b42-dddt-9-4793] requires adequate saliva, and thus, varies from one person to another. This difference in terms of bioavailability may be more conspicuous in the elderly because of dentures or dryness of the mouth.[@b41-dddt-9-4793] Therefore, when oral secretions are decreased, the increased speed of onset, magnitude, and duration of vasodilatory actions of the sublingual spray may be advantageous.[@b41-dddt-9-4793],[@b43-dddt-9-4793]

Pharmacokinetics and pharmacodynamics of short-acting nitroglycerin preparations are presented in [Table 3](#t3-dddt-9-4793){ref-type="table"}.

Safety, adverse effects, tolerability, and costs
================================================

Nitroglycerin is generally well tolerated, with the most common adverse drug effects being dose-dependent headache, flushing, and dizziness due to its vasodilatory effects.[@b44-dddt-9-4793] In a dose ranging study, the incidence of headache was dose dependent, increasing from 0 with placebo to 3 (6%), 5 (10%), 6 (12%), and 8 (16%) after 0.2, 0.4, 0.8, and 1.6 mg doses of nitroglycerin spray, respectively. No treatment-related serious adverse events were reported.[@b13-dddt-9-4793] In a primary care practice, oral questionnaire-based study, Vandenburg et al evaluated 352 patients with a clinical history of angina randomized to receive either the nitroglycerin spray or tablet using a predetermined schedule. Compared with tablets, the reported headaches were less in number and milder in intensity with spray. The tolerability was similar between spray and sublingual tablet formulations.[@b45-dddt-9-4793] Although the exact incidence of headache with sublingual nitroglycerin is not known, a small fraction of patients with stable angina experience incapacitating headaches and refuse to take sublingual nitroglycerin. It is postulated that NO is involved because of the effect of NO-donor nitroglycerin in the pathophysiology of migraine.[@b46-dddt-9-4793] This has been evaluated in the nitroglycerin headache models, which explore pathophysiologic mechanism of migraine pain and cluster headache.[@b47-dddt-9-4793] Although no significant difference in the nature of adverse events exists between the two formulations, patients on nitroglycerin spray do occasionally report taste disturbance.[@b40-dddt-9-4793]

It is imperative that patients are carefully instructed regarding the use of short-acting nitroglycerin before administration.[@b44-dddt-9-4793] Overdosing on sublingual nitroglycerin may cause postural hypotension and reflex cardiac sympathetic activation with tachycardia, leading to paradoxical (or rebound) angina. Furthermore, an angina attack that does not respond to short-acting nitroglycerin (generally defined as a lack of improvement in chest discomfort following up to three short-acting nitrates every 5 minutes) should be regarded as consistent with a possible acute MI requiring immediate medical attention and evaluation.[@b44-dddt-9-4793]

The development of tolerance is not uncommon with long-acting nitrates and includes an early pseudo-tolerance and a late vascular tolerance phenomena. Pseudo-tolerance involves early counter-regulatory responses such as activation of vasoconstrictor signals and intravascular volume expansion. Vascular tolerance (eg, loss of nitrovasodilator responsiveness) is induced after long-term treatment and involves intrinsic vascular changes. The postulated mechanisms include increased vascular superoxide production and an increased sensitivity to vasoconstrictors secondary to a tonic activation of protein kinase C. Other more recently proposed mechanisms include inhibition of mitochondrial aldehyde dehydrogenase, which causes bio-activation of nitroglycerin, and a new source of reactive oxygen species from the mitochondria.[@b48-dddt-9-4793] Therefore, tolerance is less likely with short-acting nitrates, and providers should not restrict nitrate use due to fear of tolerance.

Additionally, there are several drug interactions that warrant caution and education. Sublingual nitroglycerin use should be avoided with the concomitant use of phosphodiesterase type 5 inhibitors such as sildenafil, vardenafil, and tadalafil. Combined use of these agents can cause dizziness or systemic hypotension accompanied by paradoxical bradycardia, leading to increased angina pectoris. Caution is also warranted in administering sublingual nitroglycerin to patients with hypotension (or borderline systolic blood pressures of \<100 mmHg), those on concomitant diuretics, and during the early time period following acute MI. Its use is contraindicated in patients allergic to organic nitrates, and it is generally not prescribed in patients with hypertrophic cardiomyopathy (particularly true with the use of long-acting nitrates in elderly patients), as it can aggravate angina and precipitate a decline in preload and stroke volume, leading to hypotension.[@b8-dddt-9-4793],[@b49-dddt-9-4793],[@b50-dddt-9-4793] Caution is also advised in administering nitrates to patients with severe valvular aortic stenosis in whom a decrease in systemic vascular resistance in the setting of a high-pressure gradient and decreased aortic valve orifice area may be associated with arterial hypotension and/or syncope.[@b51-dddt-9-4793]--[@b53-dddt-9-4793]

Implications
============

Short-acting nitroglycerin (either as a sublingual tablet or spray) is an effective, convenient, and generally safe therapeutic option with multiple therapeutic benefits. Apart from its more typical role as an acute treatment for alleviating acute anginal episodes, it has well-recognized (but perhaps under-appreciated) therapeutic benefits when used as a prophylactic intervention to prevent angina attacks that are known to be exertional, or when used acutely as an adjunctive treatment to reduce preload and elevated left ventricular filling pressures in patients with acute heart failure exacerbations. Health care professionals should remember to utilize short-acting nitrates as a prophylactic part of an exercise regimen, and to advise patients that the prophylactic administration of short-acting nitroglycerin may be extremely effective in preventing anginal episodes in patients whose symptoms are predictably exacerbated by exertion. Sublingual nitroglycerin should also be considered as an integral part of a hospital discharge medication regimen in order to reduce angina related re-admission rates.[@b8-dddt-9-4793] Short-acting nitrates are a pivotal, yet frequently overlooked component of OMT and should be integrated into secondary prevention measures, as has been convincingly demonstrated in several trials, including the COURAGE trial.[@b54-dddt-9-4793] Short-acting nitrates together with exercise therapy, and as part of a structured cardiac rehabilitation program, should also be considered a central component of secondary prevention in patients with chronic stable angina, which is likewise under-prescribed and under-utilized.[@b7-dddt-9-4793],[@b8-dddt-9-4793]

A greater patient and provider understanding regarding the overall benefits of OMT, a more enlightened appreciation of the multiple roles of short-acting nitrate therapy in cardiovascular therapeutics, and a greater application of short-acting nitrates as part of a structured, regular exercise regimen to improve symptomatic outcomes and quality of life for patients with SIHD, is imperative to optimize both quality of life and enhanced functional status.[@b8-dddt-9-4793] While in the COURAGE trial, PCI combined with OMT was more effective in controlling angina than OMT alone for a finite time period (eg, the clinical benefit was modest and lasted only up to 1--2 years, depending on the quality of life metric chosen), this incremental benefit of PCI was not durable over a long follow-up period as compared with OMT alone.[@b36-dddt-9-4793] Although PCI with OMT mostly benefited patients with severe angina, OMT alone was likewise remarkably effective in treating most patients. In terms of economic burden, PCI when compared with OMT costs approximately US\$10,000 more per patient, without any significant gain in life-years or quality-adjusted life-years. Cost-effectiveness analysis showed that the per-patient cost required to derive significant angina improvement from PCI was approximately US\$150,000,[@b55-dddt-9-4793],[@b56-dddt-9-4793] highlighting the importance of acknowledging the complementary roles of OMT and PCI.

Conclusion
==========

It is perhaps sobering to recognize that most health care providers use sublingual nitroglycerin based on guidelines solely for short-acting relief of acute angina. Their presumptive primary concern appears to be related to the development of nitrate tolerance and tachyphylaxis, and that patients will not receive a sustained therapeutic benefit from nitroglycerin. With increasing availability of PCI, patients and some providers also perceive medical therapy as less effective when compared with invasive procedures. In addition, some patients may become reluctant to embrace medical therapy because they tend to downregulate activity or exertion rather than use nitroglycerin as a preventive measure to alleviate angina. Patients should be made aware that nitrates can be used for symptom prophylaxis and to prevent symptomatic episodes of angina,[@b8-dddt-9-4793] and that participation in a regular physical activity program is a safe, effective, and proven approach to effectively manage SIHD. Even a small increase in physical activity and regular exercise is likely to improve the overall health and promote longevity.[@b57-dddt-9-4793] To harness and optimize the concept of "exercise is medicine", providers will need to realize that currently too many patients with SIHD are not prescribed nitrate therapy as part of an overall management strategy that embraces both proven pharmacologic therapies as well as physical activity and comprehensive exercise programs, be they structured or home-based.[@b8-dddt-9-4793] In this context, the effectiveness and convenience of short-acting nitroglycerin (sublingual spray or tablet formulations) in treating and preventing angina attacks, and in improving the quality of life, can be realized if physicians and providers recognize the many therapeutic benefits of both a time-honored and often-overlooked medication that continues to play an important role in enhancing the treatment of patients with SIHD.

Supplementary materials
=======================

###### 

Recommendations for nitroglycerin in various guidelines

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **The task force on the management of stable coronary heart disease of the European Society of Cardiology (ESC)[@b61-dddt-9-4793] recommends:**                                                                                                                                                                                                                          
  1                                                                                                                                                                                                                                                                                                                                                                        Special diagnostic considerations mention that patients with pain that involves a small portion of the left hemithorax, lasts for several hours or even days, is not relieved by nitroglycerin, and may be provoked by palpation should be considered non-anginal pain (often musculoskeletal in origin).
  2                                                                                                                                                                                                                                                                                                                                                                        As sexual activity is likely to trigger ischemia, nitroglycerin prior to sexual intercourse may be helpful as with other physical activity.
  3                                                                                                                                                                                                                                                                                                                                                                        Pharmacologic management of stable CHD patients recommends rapidly acting formulations of nitroglycerin once the episode has started or when the symptom is likely to occur (immediate treatment or prevention of angina) for relief from anginal symptoms. Anti-ischemic drugs as well as lifestyle changes, regular exercise training, patient education, and revascularization all have a role to play in minimizing or eradicating symptoms over the long-term (long-term prevention).
  4                                                                                                                                                                                                                                                                                                                                                                        Among short-acting nitrates, sublingual nitroglycerin is the standard initial therapy for effort angina. When angina starts, the patient should rest in the sitting posture (standing promotes syncope and lying down enhances venous return and heart work) and take sublingual nitroglycerin (0.3 to 0.6 mg) every 5 minutes until the pain subsides or a maximum of 1.2 mg has been taken within 15 minutes. Nitroglycerin spray acts more rapidly. Nitroglycerin can be used prophylactically when angina is anticipated, such as with activity after a meal, emotional stress, sexual activity, and in colder weather.
  5                                                                                                                                                                                                                                                                                                                                                                        It is recommended that either a β-blocker or a CCB be added to a short-acting nitrate as first-line treatment to control heart rate and symptoms. Further, as rapidly acting formulations of nitroglycerin provide effective symptom relief in attacks of angina pectoris, they may be used for situational prophylaxis.
  **2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the diagnosis and management of patients with stable ischemic heart disease.**                                                                                                                                                                                                                                      
  A Report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines, and the American College of Physicians, American Association for Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons.[@b62-dddt-9-4793]   
  1                                                                                                                                                                                                                                                                                                                                                                        Sublingual nitroglycerin or nitroglycerin spray is recommended for immediate relief of angina in patients with SIHD. (Level of Evidence: B).
  2                                                                                                                                                                                                                                                                                                                                                                        All patients with SIHD should be prescribed sublingual nitroglycerin tablets or nitroglycerin spray for immediate relief of angina. Most patients respond within 5 minutes of taking 1 to 2 sublingual dose(s) of 0.3 to 0.6 mg each. Nitroglycerin spray is available in a 0.4 mg metered-dose canister that dispenses 200 doses. The tablets should be placed under the tongue and not swallowed. If the spray is used, it should be applied to the tongue and not swallowed or inhaled. If additional doses are necessary, they should be taken at 5-minute intervals, for a maximum dose of ≤1.2 mg within 15 minutes. During this timeframe, if relief does not occur, the patient should seek immediate medical attention. These formulations are also effective for prevention of effort-induced angina when administered 5 to 10 minutes before activity, with relief lasting approximately 30 to 40 minutes. The tablets must be kept in the manufacturer's bottle (loss of potency can occur in a few hours if out of the bottle) and should be stored in a cool, dry place; however, they should not be refrigerated. The tablets should not be used 6 to 12 months after opening the bottle due to potential decrease in efficacy and/or potency. Patients are usually able to detect when tablets have lost potency by the absence of a burning sensation beneath the tongue. Nitroglycerin ointment may also be used for short-term relief of angina.
  3                                                                                                                                                                                                                                                                                                                                                                        Under Additional Medical Therapy to Prevent MI and Death: Recommendations The combination of a β-blocker with a nitrate could be an additive combination in patients with SIHD. However, abrupt β-blocker withdrawal should be avoided because heightened β-receptor density and sensitivity can result in a rebound phenomenon associated with an increased risk for acute MI and sudden death. If withdrawal is necessary, β-blockers should be tapered over a 1- to 3-week period, with consideration given to use of sublingual nitroglycerin or substitution with a nondihydropyridine CCB during the withdrawal period.
  **The 2011 American College of Cardiology Foundation (ACCF)/AHA focused on an update incorporated into the ACC/AHA 2007 guidelines for the management of patients with unstable angina/non-ST-elevation myocardial infarction.[@b63-dddt-9-4793]**                                                                                                                       
  1                                                                                                                                                                                                                                                                                                                                                                        Patients with suspected acute coronary syndrome who have been prescribed nitroglycerin previously should initially take no more than one nitroglycerin dose sublingually in response to chest discomfort/pain. If no relief occurs, or if pain worsens 5 minutes after taking one nitroglycerin dose, the patient or family member/friend/caregiver should call 9-1-1 immediately to access emergency medical services before taking additional nitroglycerin. In patients with chronic stable angina, if symptoms are significantly improved by one nitroglycerin dose, it is appropriate to instruct the patient or family member/friend/caregiver to repeat nitroglycerin every 5 minutes for a maximum of three doses, and call 9-1-1 if symptoms have not resolved completely (Level of Evidence: C).
  2                                                                                                                                                                                                                                                                                                                                                                        While awaiting ambulance arrival, health care providers and 9-1-1 dispatchers can advise patients who tolerate nitroglycerin to repeat nitroglycerin every 5 minutes for a maximum of three doses (Level of Evidence: C).
  3                                                                                                                                                                                                                                                                                                                                                                        Furthermore, if the symptoms subside within 5 minutes of when they began, patients should notify their physician of the episode. Patients with new-onset chest discomfort, who have not been prescribed nitroglycerin, should be discouraged from seeking nitroglycerin from others (neighbor, friend, or relative).
  4                                                                                                                                                                                                                                                                                                                                                                        Recommendations for anti-ischemic therapy: Class I = patients with unstable angina or non--ST-elevation myocardial infarction (UA/NSTEMI) with ongoing ischemic discomfort should receive sublingual nitroglycerin (0.4 mg) every 5 minutes for a total of three doses. Thereafter, these patients should be assessed for the need of intravenous nitroglycerin, unless contraindicated (Level of Evidence: C).
  5                                                                                                                                                                                                                                                                                                                                                                        Class I = low-risk patients referred for outpatient stress testing should receive appropriate precautionary pharmacotherapy (eg, acetylsalicylic acid, sublingual nitroglycerin, and/or β-blockers) while awaiting results of the stress test (Level of Evidence: C).
  6                                                                                                                                                                                                                                                                                                                                                                        Class I = all post-UA/NSTEMI patients should receive a prescription for sublingual or nitroglycerin spray and instructions for its use (Level of Evidence: C).
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** AATS, American Association for Thoracic Surgery; ACCF, American College of Cardiology Foundation; AHA, American Heart Association; ACP, American College of Physicians; PCNA, Preventive Cardiovascular Nurses Association; SCAI, Society for Cardiovascular Angiography and Interventions; STS, Society of Thoracic Surgeons; CCB, calcium channel blocker; CHD, coronary heart disease; MI, myocardial infarction; SIHD, stable ischemic heart disease; UA, unstable angina; NSTEMI, non-ST-elevation myocardial infarction.
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###### 

Comparison of short- and long-acting nitrates

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                       Short-acting nitrates                                                                                                   Long-acting nitrates
  ---------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Absorption                                           Rapidly absorbed; therefore, formulations of nitroglycerin are the mainstay for rapid relief of angina.                 Used for long-term prophylaxis of angina.

  Prophylaxis                                          Prophylaxis for anticipated short-term physical and emotional stress                                                    Prophylaxis improves physical and emotional stress; however, it is subject to eventual development of tolerance.

                                                                                                                                                                               Transdermal nitrate formulations cause a decrease in exercise duration prior to retreatment (often referred to as time-zero effect).

                                                       Not suitable for continuous or prolonged antianginal prophylaxis.                                                       Suitable for continuous or prolonged antianginal prophylaxis.

  Tolerance                                            Intermittent use is not associated with the development of tolerance.                                                   Multi-dose regimens lead to development of tolerance.\
                                                                                                                                                                               Appropriate regimens required with nitrate free intervals.\
                                                                                                                                                                               Implementing a nitrate-free period or a low nitrate level at night may offer the most reliable means to maintain effectiveness.

  Concomitant use with other antianginal medications   Added benefit with other antianginal medications.\                                                                      Added benefit with other antianginal medications.\
                                                       Short-acting nitrates may also be used to supplement long-acting nitrates when patients experience acute attacks.       Long-acting nitrates may be used to extend the duration of action of the short-acting forms.

  Side effects                                         Side-effects similar to long-acting nitrates but not subject to tolerance.\                                             Side-effects similar to short acting nitrates but vary with development of tolerance.\
                                                       No increase in risk of angina with optimal dosing.                                                                      Increased risk of angina at rest during nitrate-free periods with transdermal nitrate formulations, as has a decrease in exercise duration prior to retreatment (often referred to as time-zero effect).

  Secondary prevention                                 Plays an integral part in secondary prevention which is an essential component of coronary artery disease management.   Plays an integral part in secondary prevention which is an essential component of coronary artery disease management.
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Recommendations for nitroglycerin across guidelines

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **National Heart Foundation of Australia[@b58-dddt-9-4793]**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **National Institute for Health and Clinical Excellence[@b59-dddt-9-4793]**                                          **Canadian Cardiovascular Society[@b60-dddt-9-4793]**

  Guidelines for the management of acute coronary syndromes 2006.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           NICE clinical guideline 126 Management of stable angina.\                                                            1997: Consensus conference on the evaluation and management of chronic ischemic heart disease.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Issued: July 2011.\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Last modified: December 2012.                                                                                        

  **Acute management of chest pain Getting to hospital**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    **General principles for treating people with stable angina**                                                        **Medical therapy for chronic ischemic heart disease**

  Chest discomfort at rest or for a prolonged period (more than 10 minutes, not relieved by sublingual nitrates), recurrent chest discomfort, or discomfort associated with syncope or acute heart failure are considered medical emergencies. Other presentations of acute coronary syndrome may include back, neck, arm or epigastric pain, chest tightness, dyspnea, diaphoresis, nausea and vomiting. Very atypical pain, including sharp and pleuritic pain, is more common in women, people with diabetes and older people. People experiencing such symptoms should seek help promptly and activate emergency medical services to enable transport to the nearest appropriate health care facility for urgent assessment (grade D recommendation) \[Grade D = No evidence available -- panel consensus judgment\].   Do not exclude people with stableangina from treatment based on their age alone.\                                    **Nitrate therapy**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Do not investigate or treat symptoms of stable angina differently in men and women or in different ethnic groups.\   Nitroglycerin in various forms is used in virtually all patients with symptomatic ischemic heart disease. Sublingual nitroglycerin is highly effective in shortening or terminating episodes of angina on exertion or at rest. It is highly effective if used prophylactically before activities that the patient has learned may bring on angina.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            **Preventing and treating episodes of angina**\                                                                      • Patients with angina should use sublingual tablets or spray for pain and prophylaxis (grade A, class I)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Offer a short-acting nitrate for preventing and treating episodes of angina.\                                        • Nitrospray is as effective as tablets (grade B, class I).
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Advise people with stable angina:\                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            • How to administer the short-acting nitrate\                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            • To use short-acting nitrate immediately before any planned exercise or exertion\                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            • That side effects such as flushing, headache, and light-headedness may occur\                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            • To sit down or find something to hold on to if feeling light-headed.\                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            When a short-acting nitrate is being used to treat episodes of angina, advise people:\                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            • To repeat the dose after 5 minutes if the pain has not subsided.                                                   

  **Actions in transit**\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Aspirin (300 mg) should be given unless already taken or contraindicated (grade A recommendation), and should preferably be given early (eg, by emergency or ambulance personnel) (grade D recommendation). Oxygen should also be given (grade D recommendation). Glyceryl trinitrate and intravenous morphine should be given as required.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Pharmacokinetics, pharmacodynamics, safety, and tolerability of nitroglycerin preparations

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nitroglycerin route   Usual dose (daily unless mentioned)                                                                         Onset of action, minutes   Duration, minutes   Side effects and tolerability
  --------------------- ----------------------------------------------------------------------------------------------------------- -------------------------- ------------------- ----------------------------------------------------------------------------------------------------------------------
  Sublingual tablet     0.3 to 0.6 mg, can be repeated every 5 minutes up to a maximum of three tablets or up to 1.5 mg as needed   2 to 5                     10 to 30            Headache\
                                                                                                                                                                                   Flushing\
                                                                                                                                                                                   Dizziness\
                                                                                                                                                                                   Overdose may lead to postural hypotension and paradoxical angina.\
                                                                                                                                                                                   Avoid with the concomitant use of phosphodiesterase type 5 inhibitors and volume depleted patients (eg, diuretics).\
                                                                                                                                                                                   Cautious use in patients with hypotension and severe valvular stenosis.\
                                                                                                                                                                                   Contraindicated in patients allergic to nitrates and generally not prescribed in hypertrophic cardiomyopathy.

  Spray/mist/aerosol    0.4 mg, 1 to 2 sprays as needed, up to 3 doses 5 minutes apart                                              2 to 5                     10 to 30            Lower incidence and intensity of headache.\
                                                                                                                                                                                   Flushing\
                                                                                                                                                                                   Dizziness\
                                                                                                                                                                                   Avoid with the concomitant use of phosphodiesterase type 5 inhibitors and volume depleted patients (eg, diuretics).\
                                                                                                                                                                                   Cautious use in patients with hypotension and severe valvular stenosis.\
                                                                                                                                                                                   Contraindicated in patients allergic to nitrates and generally not prescribed in hypertrophic cardiomyopathy.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
